Background and Objectives: To determine whether a multicomponent, individually tailored intervention to promote physical activity (PA) enhances life-space (LS) utilization in nursing home (NH) residents and whether intervention effects can be sustained at follow-up after continuation of the program as part of institutional daily routines. Research Design and Methods: Pre-post-assessed controlled trial in two highly similar NHs with a 3month follow-up in 143 NH residents (intervention group: n = 78; control group: n = 65) and LS as primary outcome. The PA promoting intervention consisted of several components (group sessions; individual exercise; serious games training; competence training for staff) tailored to residents' individual functional capacity. LS was innovatively assessed via an indoor wireless sensor network including three assessment-specific LS parameters: overall LS score (LSSc), time spent away from the private room (TAFR), and the maximally distal zone from private room visited (MaxZ). To exploit the available intervention-control comparative data in the best way possible, a generalized linear mixed model approach was applied. Results: At post-test, intervention participants had a significantly higher overall LSSc, spent more TAFR, and had extended their MaxZ as compared to controls. At follow-up, a significant group difference remained for MaxZ. Discussion and Implications: A PA intervention in the NH setting impacts on LS utilization as measured using sensor-based assessment. The program has proven its practical sustainability when being handed over to NH personnel for continuation in daily practice. Further research is needed to determine whether an increase in LS utilization also impacts on social participation and quality of life.
resulting in low activity levels and social participation (Den Ouden et al., 2015; Ice, 2002; Lawton & Simon, 1968) .
A research concept that has been directly associated with physical activity (PA) as well as social participation is lifespace (LS) (Sheppard, Sawyer, Ritchie, Allman, & Brown, 2013; Tsai et al., 2015; Webber, Porter, & Menec, 2010) , which is defined as the spatial extension of the environment that a person utilizes during a specified time period (May, Nayak, & Isaacs, 1985; Tsai et al., 2015) . LS has been frequently used as a measure of mobility, reflecting objectively performed mobility in space and time instead of momentary, mobility-related physical capacity (Mackey et al., 2014) .
Interventions to enhance LS find theoretical support in the environmental docility hypothesis, which states that the less competent an individual is (e.g., in terms of health or social role performance), the more behavioral variance can be attributed to environmental conditions (Lawton & Simon, 1968; Wahl, Iwarsson, & Oswald, 2012) . Adding Lawton's concept of environmental proactivity to this hypothesis, greater competence of the individual comes along with a better use of environmental resources to satisfy personal needs (Lawton, 1989) . Especially in NH residents, competence is often low and can be expected to deteriorate over time (Levy et al., 2016) . Consequently, stabilizing or even improving an individual's motor function and fostering psychosocial resources (e.g., self-efficacy) by means of a multicomponent PA intervention should result in reduced behavioral dependence on environmental conditions (i.e., lowered environmental docility) as well as better ability to use environmental resources (i.e., enhance environmental proactivity), thus allowing residents to extend their personal LS. On a psychosocial level, such LS extension may enhance quality of life (Choi, O'Connor, Mingo, & Mezuk, 2016) , help establish new social contacts, and provide new opportunities for pleasant and emotionally meaningful encounters (Calkins, 2001) .
Most of the previous LS-related research has been performed in community settings, indicating associations between LS and physical performance and function (Al Snih et al., 2012; Barnes et al., 2007; May et al., 1985; Tung et al., 2014) , cognitive functioning (Barnes et al., 2007) , depression and apathy (Baker, Bodner, & Allman, 2003; Tung et al., 2014) , gender and race (Al Snih et al., 2012; Choi et al., 2016) , concerns about falling (Uemura et al., 2013) , as well as heterogeneous effects of exercise on LS (Fairhall et al., 2012; Maki et al., 2012) . LS in institutional care environments previously received very limited attention. Although the introduction of the sole LS assessment in the NH context to date (i.e., the "Nursing Home Life-Space Diameter" (i.e., the "Nursing Home Life-Space Diameter" NHLSD; Tinetti & Ginter, 1990) had been a landmark in this field, such retrospective proxy assessments fully rely on subjective perceptions of caregivers that are prone to bias (Tung et al., 2014) . Moreover, such assessments do not allow identifying LS extensions and respective intraindividual change dynamics with high spatiotemporal precision and specificity (Kaye et al., 2011) .
To avoid this shortcoming and to further advance the development of LS assessment methodology in institutional field settings, we recently applied an objective, sensor-based LS assessment with high spatiotemporal resolution as part of the "Long-Term Care in Motion" (LTCMo) study. In a cross-sectional analysis based on this methodology, we found that sensor-based LS measures in NH residents were associated with gait speed, apathy, depression, and cognitive status; as expected, LS was also closely related with institutional meal routines . However, it remains unclear whether sensor-based assessed individual LS and its utilization can be modified by a PA-enhancing intervention in the NH setting. Only one completed intervention study has used an LS assessment tool in NH residents (Grönstedt et al., 2013) , utilizing a subjective, retrospective proxy assessment of LS (NHLSD) as a measure of PA. LS and its environmental implications were not considered at all in their study conceptualization.
Concluding, this is the first intervention study with focus on LS modification in NH residents. The study aim was to test whether a 12-week multicomponent, specifically tailored resident-and staff-centered PA intervention would result in enhanced individual LS in NH residents at post-test. As the intervention program components were intended to be adopted and continued by members of the NH staff as part of the daily NH routine starting immediately after post-test, we expected intervention participants to have maintained their increased LS at 3-month follow-up.
Design and Methods
The LTCMo study (ISRCTN96090441) was part of the InnovAge project, which had aimed at implementing a social innovation to promote healthy and active aging, while providing high applicability and transferability within its social context. LTCMo was conducted in two NHs in Heidelberg, Germany. Ethical approval for the project was obtained from the Ethic Review Board of the Faculty of Behavioral and Cultural Studies at Heidelberg University. The study was conforming to the respective policy and mandates of the Declaration of Helsinki. Either residents or their legal representative provided written informed consent. This study is the first to present intervention effects on one of the project's primary outcomes, that is, LS.
Study Design, Setting, and Participants
LTCMo aimed at implementing and evaluating a multicomponent intervention program under naturally occurring and thus ecologically more valid conditions, and at examining whether this program can be permanently integrated into the facilities' daily activity schedules by training activity-coordinating NH staff to continuously deliver the training. It was therefore not the aim to test the efficacy of the intervention under fully controlled and idealized conditions using a rigorous randomized procedure. Despite fulfilling a fair amount of criteria applying to a pragmatic randomized controlled trial (Zwarenstein et al., 2008) , we followed a "natural lab approach" in our study. All permanent, nonpalliative residents of both NHs were eligible and offered to participate in the intervention, including residents who had moved in or provided informed consent at a later stage during the project (i.e., drop-ins) and those with severe functional or cognitive impairment, who are often excluded in intervention studies (Taylor, DeMers, Vig, & Borson, 2012) . In NH2, a waiting-control condition had been applied; thus, baseline assessments from NH2 but not NH1 were included in the analysis (see Figure 1) . Given the risk of medium or low adherence rates of participants in the face of their medical conditions, and with respect to our inclusive natural lab approach, we considered residents who participated in at least one activity intervention session as belonging to the intervention group (PA-IG); those who refused participating in any training session but still consented taking part in the assessments were considered as a naturally occurring control group (Nat-CG). Both homes were highly similar, as they were located in the same suburban residential area and obliged to newest care standards, were run by the same organization and were equal in organizational structures, activity programs, and architectural conceptualization.
Intervention Program
The LTCMo intervention included two different approaches: a multicomponent, individually tailored PA intervention and a competence training for NH staff aimed at becoming more efficient in encouraging and motivating residents toward higher PA engagement. The PA intervention aimed at changing NH residents' PA behavior and LS utilization by promoting motor function as well as motivational and psychosocial resources of participants. For 12 weeks, residents were either allocated to group training sessions or individually tailored, one-on-one training. Group training was always administered by the head of the intervention team, a graduated sports scientist experienced in geriatric rehabilitation, who was supported by two to three student assistants (either sports science or psychology). One-on-one training was administered by student assistants who were extensively trained in the delivery of exercise tasks in this sample, under regular supervision of and in close coordination with the head of intervention. Moreover, a resident-centered approach was developed, including dementia-specific communication and motivational strategies (e.g., to handle challenging behavior). In addition to group-based or individual training, all residents who were able to stand could participate in a virtual serious games training focused on step execution as presented on a screen in front of the participant. To avoid both too excessive and insufficient training load, residents were divided into four different categories based on their motor function: (a) residents who were ambulatory without aid, (b) residents who were ambulatory with aid, (c) residents who were at least able to stand up, and (d) residents with severe motor impairment. Residents of categories (a) to (c) were allocated to homogenous exercise groups; those in category (d) received individual exercise training. This categorization was performed regardless of affiliation to an open or code-secured living unit. Training intensity was individually adapted and progressed with residents' capabilities. The group training has proven to be effective in improving motor performance in another study with multimorbid older persons with and without cognitive impairment (Hauer et al., 2012; Schwenk et al., 2014) .
To achieve permanent continuation of the program starting immediately after completion of the 12-week trial, activity coordinators of both NHs were trained in delivering the intervention components independently. That is, they received extensive training by the head of the intervention team, taking part in the intervention groups during the trial and through additional lectures on exercise and rehabilitation in geriatric collectives. To facilitate this process, we followed several implementation strategies informed by general principles of implementation research (e.g., Estabrooks & Glasgow, 2006; Gitlin & Leff, 2016) , including but not limited to information of all levels of concerned persons (management, staff, participants, and relatives), training and support of stakeholders, preparation of the facilities, and handling of existing barriers. A study protocol with more detailed information on all intervention components and a guidebook describing the implementation strategies more extensively are available (Jansen, Claßen, Hauer, Diegelmann, & Wahl, 2014; Jansen et al., 2015) .
Measures
Primary Outcome: LS To objectively assess LS utilization, a wireless sensor network was installed in both NHs. This technology uses mobile end nodes that constantly determine their position within a wireless communication infrastructure. Validation of the system showed a mean deviation of 2.28 m (range: 0.3-4.6 Figure 1 . Study design. In NH2, participants were also assessed at baseline (T0) to document the natural trajectories of all outcomes. m) (s-net ® ; Fraunhofer Institute for Integrated Circuits IIS, Erlangen, Germany; Wenzel, 2014) . Residents were visited on normal weekdays and equipped with one end node each morning as soon as they left their private room, keeping the end node until they returned to their private room after dinner. To achieve comparability between subjects, LS data were analyzed for each participant, from 10 a.m. to 6 p.m. To control for actual end node-wearing time, participants were checked approximately every 2 hr and nursing staff were asked to report on nonadherence immediately. If position reports of end nodes were not received steadily according to maintenance software, end nodes were immediately checked. If participants had not worn end nodes constantly during measurement, they were excluded from analysis. An extensive description of the technology, its technical specificities, and data handling is provided elsewhere .
Based on previous research, the NH LS was hierarchically structured into four zones: private room (Zone 1); outside the private room, but within the living unit (Zone 2); outside the living unit, but within the facility (Zone 3); and outside the facility (Zone 4) (Tinetti & Ginter, 1990) .
Three parameters were derived from LS raw data: an LS score to describe the zone in which each resident lingers on average throughout the day, with larger scores indicating a larger average LS utilization (formula:
the maximal zone a resident reached (MaxZ = maximum of k) as a measure of the overall extent of an individual's LS; and the time a resident spent away from her/his private room (TAFR) as a measure of abode in areas with high potential for social interaction.
Assessment of Additional Variables
For descriptive purposes, age, sex, and length of stay in the facility were assessed via care documentation; cognitive status was assessed using the Mini-Mental State Examination (MMSE); psychological status was assessed by the 12-item Geriatric Depression Scale-Residential (GDS-12R) (Sutcliffe et al., 2000) for depression, Apathy Evaluation Scale (AES-D) (Lueken et al., 2007; Marin, Biedrzycki, & Firinciogullari, 1991) for apathy, and the Short Falls Efficacy Scale International (Hauer et al., 2011) for fall-related self-efficacy. Based on observations and staff information, residents were rated as either mobile (ambulatory or self-propelled wheelchair use) or fully immobile. Gait speed was assessed with a 10-m walk test at maximum walking speed, using a walking aid if necessary. The Short Physical Performance Battery (SPPB) was used to assess lower extremity functioning, that is, balance, gait, and leg strength (Guralnik et al., 1994) .
Statistical Analysis
To test the intervention effect on LS utilization in the most appropriate way in the face of our inclusive "natural lab" study design, a generalized linear mixed model (GLMM) approach was applied (Hedeker, 2005) . That is, we used a longitudinal multilevel model to analyze the repeated assessments of LS and to test the intervention effects by including postintervention measurement and follow-up measurement as dummy predictor variables (i.e., postintervention = 1 if the LS was assessed after the respondent had participated in the intervention, and 0 for all other LS assessments; accordingly, follow-up = 1 if the LS was assessed 3 months after the respondent had participated in the intervention, etc.). This longitudinal GLMM approach facilitates dealing with non-normality of the response variable (modeling, e.g., skewed response distributions such as gamma), and allows for state-of-the-art missing data treatment instead of using listwise deletion (Schafer & Graham, 2002) . GLMM is best fit for our inclusive study conception, as it considers all available data points of each resident, as well as if certain measurement occasions were missed or residents dropped in at a later stage of the study.
To reduce measurement error due to nonrandomization, potential pretest differences were analyzed using multiple t tests for interval-scaled covariates and Fisher's exact tests for dichotomous covariates. If significant differences between PA-IG and Nat-CG occurred, these were included as covariates into the models testing the intervention effect. A bootstrap step-down adjustment was applied to p values to correct for multiple testing using PROC MULTTEST on SAS 9.4 (SAS Institute Inc., 2011). The GLMM testing of intervention effect was built on five additional assumptions: (a) A random intercept effect was included, representing "unexplained" interindividual differences in LS. (b) Based on previous findings of agerelated decline of LS (Al Snih et al., 2012; Phillips, Dal Grande, Ritchie, Abernethy, & Currow, 2015) , time-instudy was included as a covariate with random effects-that is, a linear random slope effect, representing an individual's rate-of-change in LS apart from the intervention effects and the impacts of the other controls. (c) Despite NHs being comparable, they may still differ substantially in various outcomes, for example, in their social environment, atmosphere, etc. Therefore, home affiliation was included as a covariate in the models to check for different LS trajectories in the facilities. (d) Based on the same assumption as (c), we also checked for home-specific intervention effects after the program had been handed over to NH staff by testing Home × Follow-up interactions. These interactions were included in the models in case of statistical significance. (e) Assuming that drop-ins who had just recently moved into one of the institutions substantially differ from their already long-staying fellow residents in several outcomes, we also controlled for drop-in status. GLMMs were estimated using outcome-specific distributions and their corresponding link functions in SAS PROC GLIMMIX (SAS Institute Inc., 2011). A more comprehensive description of the statistical method can be found in Diegelmann et al. (2017) .
To examine whether intervention effects on LS utilization were attributable to gains in motor function, we conducted a post hoc examination of the impact of motor performance on LS parameters in a subsample of residents able to accomplish the SPPB. To account for the effect of interindividual differences in motor performance at pretest on all three LS parameters, grand-mean centered pretest SPPB scores were included in the models. Furthermore, to examine the impact of changes in motor performance over time, intraindividual deviations from pretest SPPB were additionally entered into the models as covariates.
Results

Participants
One hundred and three residents had completed the LS measurement at pretest. Including drop-ins, the overall sample included in the GLMM analysis consisted of 143 subjects. Seventy-eight of these participated in the intervention program: 61 were trained in groups and 17 were trained individually; 17 additionally participated in the virtual serious games training. Adherence was high, with 85% of sessions attended in group training, 78% of sessions attended in individual training, and 82% of serious games sessions. From pretest to follow-up, LS data are missing in 45 cases, that is, 31% of the residents, which is comparable to numbers of comparable studies (Chin A Paw, van Poppel, Twisk, & van Mechelen, 2006) . Reasons for missing LS data include moderate to severe deterioration of health status or death (23%), premature removal of sensors by residents (25%), and technical difficulties (52%) (e.g., measurement interruption due to a power breakdown, sensor reception disturbance). Table 1 gives sample characteristics and group differences at pretest. With the exception of MaxZ, there were no significant preintervention differences between PA-IG and Nat-CG, indicating comparability of both groups. Note that the random intercept effect included in the GLMM on MaxZ implicitly controls for such a priori differences; the models' (fixed) intervention effects denote (average) deviations of the post-test or follow-up MaxZ from the individual trajectories that might "start" at interindividually varying pretest levels (and rung with interindividually varying, time-in-study-related slopes). As can be expected in such a highly vulnerable sample, not all measurements could be completed by the participants. Gaps in interview data were due to cognitive impairment, aphasia, acute hospitalization, or refusal. Due to severe motor impairment, a substantial number of participants were unable to perform performance-based tests (see Table 1 ).
Results of GLMM analyses are presented in Table 2 . Regarding the assumptions guiding the development of the GLMM stated above, we found a significant linear decline over time-in-study for LSSc (β 1 = −.02, p = .007) and MaxZ (β 1 = −.04, p = .011), but not for TAFR (β 1 = −.02, p = .277) (assumption [b] ). No significant differences between NHs were found (assumption [c] ). The only significant home×follow-up interaction (assumption [d] ) was found for the MaxZ model (β 5 = −.35, p = .038). Regarding assumption (e), we found that drop-ins were significantly different from already-included participants in MaxZ (β 6 = .47, p = .009), but not in LSSc (β 6 = .17, p = .081) and TAFR (β 6 = .33, p = .295). Figure 2 displays the schematic trajectories of the models for all three LS parameters over all measurement occasions in NH2, including the waiting-control condition that had been applied in NH2 only. When controlling for NH affiliation, time in study, and drop-ins, LS parameters of PA-IG in both homes increased from pre-to post-test, whereas the assumed steady decline of LS parameters was confirmed for LSSc and MaxZ in the Nat-CG. PA-IG participants had a significantly higher LSSc (β 3 = .13, p = .003), spent more time away from their own room (TAFR; β 3 = .28, p = .015), and had a more extensive LS (MaxZ; β 3 = .29, p = .003) as compared to the Nat-CG (see Table 2 ).
Intervention Effects on LS
Except for MaxZ at follow-up, the intervention effects on LS remained significant in the subsample of n = 71 residents who completed the SPPB. For all three dependent variables, changes in SPPB, as well as interindividual differences at pretest, did not predict LS at post-test.
Intervention Effects at Follow-up
Sustainability of intervention effects at follow-up was found for MaxZ (β 4 = .39, p = .012), marginally for LSSc (β 4 = .11, p = .065), but not for TAFR (β 4 = .15, p = .361). While LSSc and TAFR declined from post-test to follow up in the PA-IG, MaxZ was maintained within this period. The significant Home × Follow-up interaction for MaxZ (β 5 = −.35, p = .038) showed that sustainability of intervention effects was dependent on NH affiliation, that is, PA-IG participants in NH2 had a more beneficial MaxZ trajectory from post-test to follow up than those in NH1. This dependence was not found for LSSc and TAFR.
Discussion and Implications
This study showed the beneficial effect of a multicomponent, individually tailored PA-enhancing intervention on LS utilization of NH residents. There were two innovative elements connected with the study: to the best of our knowledge, this is (a) the first intervention study with a clear focus on LS modification in this setting; and (b) the first study using an objective, sensor-based assessment method to identify intervention effects in terms of detailed spatiotemporal LS utilization as objectively as possible.
As hypothesized, intervention participants had significantly improved their LS utilization in terms of LSSc, TAFR, and MaxZ at post-test as compared to controls. Although the only comparable previous study had not used the same LS parameters as in our study, our results support the finding of improved LS outcomes in NH residents (Grönstedt Home refers to the NH-related differences of LS trajectories between participants in both homes; Post-Intervention shows the difference between both groups at post-test (= intervention effect); Follow-up refers to the difference between both groups at follow-up (= sustainability of intervention effects); Home × Follow-up interaction refers to the different intervention effect at follow-up in both homes (only included if significant); Drop-In refers to the difference between drop-ins and non-drop-ins. LS = Life-space; LSSc = Life-space score; MaxZ = Maximal zone visited; SE = Standard error; TAFR = Time spent away from the private room. + p < .1, *p < .05, **p < .01, ***p < .001, β = fixed effects (regression weights). et al., 2013). However, unlike our study, LS was not the study subject of Grönstedt et al. Moreover, they had used a subjective, questionnaire-based proxy assessment, making their results only comparable to a limited extent with our findings based on objective, sensor-derived LS parameters representing objective spatiotemporal behavior. In the PA-IG, LS trajectories showed that LS deterioration may not only be delayed, but even reversed in NH residents; LS parameters in the Nat-CG decreased over time as expected. Unlike Nat-CG, PA-IG participants changed their movement behavior within the facility in that they, on average, lingered further away from their room (as indicated by LSSc), spent more time in public areas, that is, away from their private room (as indicated by TAFR), and expanded their overall LS by moving farther away from their private room (as indicated by MaxZ). This finding may have important practical implications for quality of life of NH residents. Those with expanded LS may have better access to valuable activities, objects, or other goals, and may have more possibilities for self-chosen actions in their daily life overall (Tinetti & Ginter, 1990) . Expanded LS may also come with higher potential for social interaction and companionship in more distant areas of the facility (Friedman, 1966) , counteracting social isolation and associated negative effects such as depression (Calkins, 2001; Meeks & Depp, 2003; Potter, Sheehan, Cain, Griffin, & Jennings, 2017) .
On the other hand, there may be a critical threshold of the desirable amount of time residents spend in public areas (i.e., TAFR) or maximum LS (i.e., MaxZ). Especially in subjects with low motor and/or cognitive function, utilization of a larger LS may exceed residents' competence level and thus new risks (e.g., falls, going astray) may arise. At the same time, residents with poor motor and cognitive function are often prevented from accessing distant spaces, for example, outdoor areas within NH premises, negatively affecting residents' perception of autonomy and their mood (Potter et al., 2017) . Future research should therefore consider determining individual needs and wishes with respect to LS use as well as functional and cognitive reserve to gain control over an expanded LS. This could also include a systematic evaluation of the physical environment with respect to factors such as safety and security, familiarity, and homelikeness (Chaudhury, Keller, Pfisterer, & Hung, 2017) . Regarding interventional impact, a combination of resident-centered programs focused on improving PA and functional outcomes with environment-related intervention components (as proposed by Chaudhury, Cooke, Cowie, & Razaghi, 2017) may strengthen efforts to create broader change and enhance quality of life in NH residents. Moreover, this would allow singling out the effects of resident-and environment-centered intervention effects on LS.
Reasons for Change in LS Parameters
Given that the institutional environment and its routines are strongly associated with behavior in general (Calkins, 2009) and LS in particular , our intervention program may have reduced residents' environmental docility (Lawton & Simon, 1968) and promoted their environmental proactivity, for example, their autonomy and ability to overcome environmental barriers. In the only comparable study in terms of intervention and setting, the association of changes in LS and other intervention-related effects had not been analyzed (Grönstedt et al., 2013) . In our study, post hoc examination of the impact of motor performance on LS parameters showed that changes in LS parameters were not associated with changes in motor performance over time or interindividual differences at pretest. Possibly, the intervention led to changes in LS through other channels than motor performance, for example, psychosocial factors. For example, we found that the intervention had a significant beneficial effect on depression , which implies a mutual influence between depression and LS. Other factors that may have added to this effect could be additional social interaction and attention from research staff, newly established social contacts between PA-IG participants, and more frequent occasions for pleasant and emotionally meaningful encounters (Arnetz & Theorell, 1983; Calkins, 2001 ). However, no assessments of such factors, and other clinically relevant measures such as quality of life, are available in our study and thus should be considered in this line of research in the future. This would also allow a deeper understanding and validation of the (clinical) relevance of the sensor-based assessment and LS parameters. The potential for clinical use of the sensor-based assessment goes even further, as ongoing monitoring of LS utilization could help revealing adverse or suddenly changed behavior related to neurocognitive degeneration, for example, more frequent and prolonged retreat into the private room (isolation) or excessive amounts of changes between areas (aberrant motor behavior).
Permanent Continuation of the Intervention Program
Another goal of the LTCMo project was the permanent continuation of the program as part of the daily NH routine in order to prevent an expected backdrop of residents into "old routines" on completion of the study. In both NHs, the intervention was continued as part of the facilities' routine practice after post-test measurements had been completed. Continuation was achieved without creating additional workload in NH facilities, as the program replaced previously used activity programs. Results from the 3-month follow-up showed that intervention effects were sustained in MaxZ and-in trend-in LSSc. However, results showed that MaxZ trajectories differed in both study facilities at followup in that residents from NH2 had profited more sustainably from the intervention than those from NH1. One explanation may be that in NH2, an immediate continuation of the program was facilitated by coincidental employment of additional activity-coordinating personnel which were directly involved in the program's subsequent continuation as part of the NH's routines. This was not the case in NH1, which is why it took several weeks longer to establish the program there successfully. This indicates that the sustainability of intervention effects at follow-up was at least partially attributable to the continuation of the program after post-test.
Limitations
In accordance with InnovAge's overarching study objective to implement a social innovation with high applicability and transferability within its social context, we decided in LTCMo to examine the effects of a multicomponent intervention program and its implementation and continuation under natural conditions with high ecological validity, thus losing internal validity due to missing randomization and inclusion of very heterogeneous individuals in terms of cognitive and physical function. To at least partially account for this loss in the internal validity of our study, we controlled for all apparent preintervention differences between groups in post-hoc manner statistically. Moreover, it might be noted that the longitudinal mixed modeling approach itself also provides such control. In addition, the GLMM approach addressed the expected issue of missing data due to residents' inability to perform certain assessments or death, as it considers all available data points, including those available of residents with intermittent or permanent dropout. In this way, we increased the power to detect a meaningful effect. It is unclear whether intervention effects on LS utilization are attributable to gains in motor function, psychosocial and motivational factors (e.g., enhanced self-efficacy due to training), or both. It also has to be pointed out that the set of LS parameters used in this study had not been applied in this setting before. Hence, no information on construct validity is available.
Conclusions
This study is, to the best of our knowledge, the first to present beneficial effects of a multicomponent, individually tailored PA intervention on LS utilization as assessed by an objective, sensor-based system in NH residents. Enhancing LS utilization may come with more opportunities for pleasant and emotionally meaningful encounters with others, as well as more options for action in general and PA in particular in daily life. However, whether an expansion of LS is indeed accompanied by an increase of such social participation and PA needs further empirical analysis. The fact that positive effects on LS utilization were partially sustained at follow-up, and that the continuation of the program proceeded more smoothly in one of the two NHs, shows the program's potential for successful implementation and continuation as part of daily NH practice; however, it also underlines the strong dependence of intervention success on institutional factors.
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